Westerly winds in the Southern Ocean have increased in intensity and moved poleward. Using long-term demographic and foraging records, we show that foraging range in wandering albatrosses has shifted poleward in conjunction with these changes in wind pattern, while their rates of travel and flight speeds have increased. Consequently, the duration of foraging trips has decreased, breeding success has improved, and birds have increased in mass by more than 1 kilogram. These positive consequences of climate change may be temporary if patterns of wind in the southern westerlies follow predicted climate change scenarios. This study stresses the importance of foraging performance as the key link between environmental changes and population processes.
T he vast majority of studies of the effects of changing environments on species biology have been conducted in terrestrial ecosystems and temperature and rainfall have been the main environmental factors considered (1, 2), potentially ignoring other key climatic variables. In marine systems, wind is a major component of the environment, and climate change-induced alterations in oceanic wind regimes and strength have already occurred (3) and are predicted to increase (4). For example, over the past 50 years, Southern Hemisphere westerlies have shifted poleward and increased in intensity following movement of the Southern Annular Mode (SAM, characterized as increased pressure between 40°and 65°S) into a positive phase (5, 6) . Such changes in wind regime may affect the movement or distribution of wind-dependent species, such as migratory land birds (7) or pelagic seabirds (8) (9) (10) . Pelagic seabirds, in particular, are wide-ranging predators that rely extensively on wind to move at low costs between breeding and foraging sites (8, 11) , suggesting that they may be highly affected by wind pattern changes.
Here, we investigate whether changes in wind conditions over the Southern Ocean have influenced the foraging ecology and life-history traits of the wandering albatross (Diomedea exulans), one of the most wide-ranging pelagic seabirds. We aimed to assess whether the foraging performance of albatrosses has changed over the past few decades in relation to wind conditions and to understand the possible consequences of such change on life history (i.e., breeding performance and condition). We combine data on the duration of foraging trips and breeding success collected over nearly 40 years, from 1966 to 2010, as well as foraging performance and body mass (1989 to 2010) of breeders from Crozet Islands, located in the windiest area of the Southern Ocean.
In the western Indian Ocean sector of the Southern Ocean, wind speeds have increased in the center of the westerly flow ( Fig. 1) , as well as locally at Crozet (Fig. 2B) , as a result of the shift of the global SAM index into a positive phase ( Fig. 2A) . No changes occurred in subtropical waters, whereas wind speed increased in subAntarctic waters, especially south of Crozet (table S1 and Fig. 1 ). When decomposing wind into its two components-zonal wind from west to east, and meridional wind from north to south ( Fig. 1) -the most pronounced changes have occurred for the latter. The meridional component has strongly increased and shifted poleward, whereas these trends were not as strong for the zonal component (Figs. 1 and 2, C and D).
Crozet wandering albatrosses foraged from subtropical to Antarctic waters at a maximum range of more than 3500 km (Fig. 1, upper panels). Although both sexes overlap in the latitudinal band of 40°to 50°S, males prefer colder waters at the latitude of Crozet or to the south (down to 60°S), whereas females favor warmer waters to the north as far as 30°S (Fig. 1, lower  panels) . Foraging parameters estimated from tracking data have changed over the past 20 years in parallel to changes in wind conditions. The northern range (the most northerly latitude attained during a foraging trip) of wandering albatrosses was strongly influenced by meridional winds and shifted extensively poleward in females and to a smaller extent in males (Table 1 and Fig. 3 ), whereas there was no significant trend over time for the southern range (Table 1) . Concurrently, there was a significant decrease in the maximum distance from the colony ( Table 1 , foraging range).
As shown by earlier studies (8, 11) , wind strongly influenced albatross flight speed. We found that the meridional component best explained the increase in flight speed during a foraging trip (Table 1) . Flight speeds increased until 2008, whereas the last value of the time series (2010) was characterized by very low wind speeds, comparable to those in the early 1990s (Figs. 2 and 3 ). Travel speed (daily distance covered) increased in both sexes, in relation to wind speed, whereas total distance covered did not change (Table 1 and Fig.  3 ). Females spent a higher proportion of the overall foraging time in flight than males (Fig. 3) . Thus, the increase in the daily distance covered was due, for females, to an increase in flight speed with a concomitant shift in distribution poleward into more windy conditions, whereas for males it was due to shorter time periods spent sitting on the water.
Even though the total distance covered did not increase over years, the duration of foraging trips decreased due to increasing meridional winds (Table 1 ). This decrease in the duration of trips was confirmed over a longer period (during the past 4 decades; in 1970, 1989, 1999, and 2008) from an independent large data set: The mean duration of foraging trips was highly variable (2 to 35 days), similar between sexes, and decreased by 22% between 1970 and 2008 (from 12.4 T 6.8 to 9.7 T 5.5 days; fig. S1 , mixed effect analysis of variance, year effect F 3,724 = 11.3, P < 0.001). Finally, the angle between flight direction and wind direction shifted by 10°from 1989 to 2010, with birds tending to use tail winds to a larger extent in the 1990s than in the 2000s (fig. S2) .
The breeding success of wandering albatrosses was on average 76.0 T 6.5% and increased over the past 40 years (Fig. 4A) . Breeding success is the result of failures that mainly occur during incubation (81.7 T 9.1% of total failures, n = 18 years). We found that failures during incubation were explained by the foraging trip duration (generalized linear models, F 1,310 = 5.7, P = 0.018). Specifically, the probability of breeding failure increased with the duration of foraging trips. In parallel, the body mass of incubating males and females increased significantly over the past 20 years by 1 kg, i.e., by 10 to 12% of the body mass (F 8,519 = 12.3, P < 0.0001 and F 8,498 = 17.2, P < 0.0001, respectively; Fig. 4B ). This increase in body mass was not related to changes in body size (no change in the length of the beak length was recorded over the same period; males: F 9,424 = 1.5, P = 0.143; females: F 9,402 = 1.46, P = 0.158).
Wandering albatrosses appear so far to have benefited from wind changes occurring in the Southern Ocean, with higher speeds allowing for more rapid travel. In wandering albatrosses, the probability of prey encounter and capture is related to the daily distances individuals are able to cover (12) . In the 2000s, birds moved quicker than in the 1990s and thus were able to cover similar distances during shorter bouts at sea. Simultaneously, tracked birds shifted their range southward (Fig. 3) , a trend also documented from line transects in the southwestern Indian Ocean over the past 30 years (13) . Females have shifted poleward their northern range to a larger extent than males. This southward shift of the northern range allows females to fly at higher speeds in windier areas, as well as in waters less distant from the colonies, and thus to further reduce foraging time. Because males and females share incubation duties (14) , the reduction of foraging time resulted in shorter incubation shifts and thus a lower probability The wandering albatross Crozet population has decreased as a result of adult mortality, especially in females, due to longline fishing targeting tuna in subtropical waters (15, 16) . If the range of breeding females moves southward due to environmental changes, they will be less likely to overlap with tuna longliners, whose effort has not shifted southward during the past 50 years (17) . One of the most unexpected changes we observed over the past 20 years was a considerable increase of both males and females by more than 1 kg in body mass. Such an increase in mass for a similar structural size has important implications for flight performance because it results in an increase in wing loading (18) . Higher wing loading allows albatrosses using dynamic soaring flight to exploit windier zones, because stronger winds increase airspeeds and lift required by high wing loading (19) . Thus, increased mass may not only be the result of increased body stores due to shorter fasts of birds on the nest but may also constitute an adaptive response to windier conditions. So far, past climate changes have affected positively the foraging efficiency and foraging range of wandering albatrosses, ultimately improving breeding success and reducing mortality risks, respectively. However, these positive effects may not last in the future. Indeed, the shift to positive values of the SAM during the past half century is projected to carry on, with westerlies continuing to move poleward and increase in intensity ( fig.  S3 ). By 2080, wind speed, as well as meridional and zonal winds, should be higher south of Crozet, but lower to the north, with a reversing of zonal and meridional wind at the extremes of the range of wandering albatrosses ( fig. S3 ) with several potential consequences for the Crozet population. Travel and flight speeds will not respond linearly to the increase in wind speed, and too strong gales winds become unfavorable for dynamic soaring flights (20) . In addition, the poleward shift of westerlies to an increasing distance to the south of the colonies will likely make the location of Crozet less optimal for central-place foraging birds. In addition, if the present trend in the use of tail to side winds continues, costs of foraging should increase with increasing head winds and more distant favorable winds (8) . Similarly to wandering albatrosses, the movements of many other species of albatrosses and petrels are strongly constrained by wind conditions (8, 21) , and species richness of Procellariiformes is positively associated to wind speed (22) . Thus, future research should consider wind fields as an important driver of the distribution and migration of these oceanic species.
